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ABSTRACT

The wvelocity and pressure field of an unsteady line source is calculated
by a similarity method when its stfength is taken to have a step-functioh time de-
pendence. The acoustic approximation is used in the case when the source lies on
the stationary plaﬁe interface between homogeneous fluids of different density; the
velocity of sound in each fluid is'also different.

. The time'derivative of the solution in section 1 of this acoustic prob-
lem gives the welocity potential when an acoustic line pulse occuré in the surface
of, say, a deep se;. This is a first order solution in which the interaction of
the acoustic disturbance above and below the interface is examined.

The solution in section 1 is also of direct application in electromagnetic

theory. This is discussed in section 3.
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INTRODUCTION

In some recent work Craggs (1956, 1957) and Papadopoulos (1959a, 195%9b)
have shown the value of the assumption of dynamic ‘similarity in the solution of a
number of wunsteady two-dimensional proﬁlems in various physical situations .' In each
case the unknown quantity satisfies thé wave equation.

In this paper we shall determine the nature of the field of a uniform line
source which is suddenly set up at some definite moment on the plane interface between
tﬁo different homogeneous fluids. We assume a linearized equation of state, and that
the source is weak enough for the acoustic approximation to be valid. We take the
source to be at the origin r=0, and we tgke the time t=0 +to be the moment at which
the source is made active, Under the assuﬁption that the subsequent unsteady motion is
irrotational it is well known (see e.g. Friedlander 1958) that the velocity potential
satisfies the wave equation V??.(r,e,t) - -1-';:):;;. where c¢ is the velocity of sound
in the medium at rest, while the pressure change p and the particle velocity g sat~

isfy the édua‘.tions

PO pq --YE @)

‘Here /o refers to the constant density in an undisturbed medium.

Within a single uniform medium, it is known (see e.g. Lamb 1932) that the
potential of a line source of uniform density U({t) ( U(t) =0F t<0 , U(t) = 1:F £-0)
is - sech’fl (r/ct); it is clear from this result that it is reasonable to assume

R TC

in the present problem that the velocity potential depends only on two variables

" s(=r/t) and © . This is the assumption of dynamic similarity. It may be added

that the pressure corresponding to the above potential is identical with Hadamard's

elementary solution (1923) of the wave equation in two dimensions.
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Suppdsé,now that some quantity S(s,0) satisfies the wave equation in
the variables (r,0,t). Then since s=n/t) it follows that S must satisfy the

equation

. > }"S _ f-jx }S B__:SL = O
s (1 - {:)W 4+ S(' c:>”$s' R ()

If syc, the equat!on is hyperbolic. Pubt s= ¢ sec u, so that

“affi _ '73L§5 = O (3)
— — J B sedld
W )
and
S=f(u-0) + glusd) ) . () -

where f and g are arbitrary functions, and the lines on which u+® and u-0
are constant are characteristic lines tangent to the ecircle s=c. If s<c, the
equation 2 is elliptic. Put s=c sech ( -v) so that

BS + ?___%- = O ° (5)
2V 2

It follows from equation 5 that with the harmonic function § in the elliptic
region we may introduce a conjugate T(v,8), so that W=S + iT is an analytic

function, and such that

23S T IR N | 6)

U =

) o) DV

Y 26
In section 1 the detailed solution of the acoustic problem-is given. In section
3 1is described the change to be made to give thé results relevant in the setting

up of a charged line or of a line current,
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Section 1

In Figure 1, we depict the physical situation in the (s,8) plane. The
upper half of this plane, 0<8<7 , represents the region occupied by a medium 1,
and the lower half, 0> 0> -7, that occupied by a medium 2. The density f and
the sound welocity c¢ are distinguished by the suffix 1 or 2 where appropriate.
We assume that c1> cg .« The semicircles éwy , 8=cy separate the elliptic and
the hyperbolic regions in each medium.
, There are three principal requirements on the solution of our problem. The
first is that the solution of the steady problem shall be approached in the limit as
$~> 0 (i.ee as t > o). The second is that at the interface both the pressure
and the normal component of velocity shall be cont}nuous s and the third is that the
interface shall remain fixed,

Suppose that the quantity S and the velocity potential are related by the
equation Fcz S= f - From the equations 1 it follows that the radial and transverse

components (qr, q g) of the welocity, and the pressure /> s satisfy the equations

}5 _ - £ 9+ - — "’t

= - = oFe (1)
%/S = = ii—e

“o© o™ *

Put m=02/c1 s k=192/ 101 s then the continuity conditions may be written in the form
s R
and

(9)

We may refer again to Figure 1 to discuss some of the properties of
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the solution. In the hyperbolic region, it is clear that the value of S as

5 — oo corresponds te the initial value of 8. Heﬂce 8§ is uniformaly zero
at infinity for all walues of © and from the nature of the solution ‘h it follows
that the value of S 4is everywhere zero outside the region AFDE. Within the tri-
angle CBG the sclution is necessarily of the form 52 =f (u=0) s and in the triangle

ABH the solution nfist be of the form § sg (%0}, waere f and g are functions to

2
to be determined. The solution mmst be symmetric about the vertical axis in Figure 1,
hence we need only examine the field in the right-band half of the (s,6) plane.
Consider the region s« e, 5 0O<0 577 o In this region

i) the line OE is a line of symmetry on which 05,/20 = O,
The arc ED , which is the enwelope of the characteristics in the hyperbolic region,
is itself a characteristic. Across this arc the pressure and the radial welocity will
bé discontinuous. The tangential welocity component must be continuous, however, so
that |

ii') on ED, 8,/%6 = 0.
The continﬁity of pressure and of normal velocity écross the interface CD implies

that on CD
= Su~)8 e £ 38, L /3 28, _k@_‘b 3T,
B_._S'\ = ‘”\JL '( ’%Sg: = H'\';L \(\ (%_%L -—-g\—)- - A k(g—g > ’Té S ]Q ('bv‘)ls
e
°e s NT YL c
Thus LR »‘»"L) =~ so that
s A5 N oy .
Cpf OV (1 ik By e O o)
Ds ™ i / Joo |

On phy‘sipal grounds we may expecth c'mgnlaritles in W. only at the points

1
0,CyDaniE The first quadrant in the ci:mle in the ({s,0) plane corresponds to a

AF L561/5



semi=-infinite strip in the complex (v ,0) plane, and under the transformation
X =*§.+52. = sech (v;+i0) we may map this strip conformally into the upper half

of the c‘ompiex j ~plane. The conditions just enumerated are that
\

i) singularities are to be expected only at the points f|=0,1~’v) | and o0

ii) B\"}'/ 35 | is imagimaxry, for «5 =% 0
111) OW, | 3§,  is imsgivary, for 1.-0, [4/]>] am

iv) for /'l =0 m <

=) e 2
W /ef, = RED) T - E (= DA

where R ( 4,) is a function which must take real values on this segment of the
real axis. BSince s=c, ) &= T/2 is an ordinary point both for § and for ~she

it follows that as |4, | — =0

v) ?’\’J\/bj, =0 (’f,—l'gl) with b > 0O,
~as §, — 0, the ficld must approach the steady state value, and therefore
vi) OW, / af\ =0 (1/ j, ) for ﬁ—) G
Thus after applying these conditions we may write
W Fd)
¥ $ s -5 ()Y

it is implied that F( f‘ )} is boanded as |,g‘| —» O , is real on the positive

3 (11)

real axis for »5 > Ly, and is real on the imag:}nary axis. This final condition
mplie= that F must be an even function of »g

Whatever may be the fommla for F (f) which we shall determine, we must,
in setting up the solution for medium 2 , satisfy the continuity conditions across
0C. If in this elliptic region we use the conformal nia_.ppj:ng jz. = §L+ ‘:7/"
=sech (v,+16) to bring the region of interest, S{yps 0Y0 >T/2, into the fourth

AF 1561/5



quadrant of the f;\. -plane, then across OC, (f = / - s and the
continuity conditions are
ok N0 L e
and :0‘;@:. Rk gl (12)
JE Y N A s :> M,
»(.», ; R g +
It is cledr under the conditions imposed that F( ;f ( ) must be real on the
whole of the real axis. If F( 'fl ) is complex on the real axis for 0 < 'f, < n
there must be branch points of F at the points /g, =0 and j{l = m,

Hence for this region we may write

F(§)- A(S) k@0£> [;;%:]k', (13)

where A( i‘ ) and B( {' ) are even functions of / which are real on
the whole of thé real axis and which are bounded as , {l ) —> o0. The continuity

conditions (12) lead to the equation

W el kB ]
. §.§ O -mg)h e o8

This result derived for real values of {f\_ with O ’§L< 1, may he

continued analytically into the whble of the fourth quadrant of the {i -plane. If
the function B exists, expression (1L) has a siniple pole at {L =] so that VE
has 3 .discontinuity at this point. At the corresponding point gﬂ' =, Wl has no
discontinuity (from equations 11 and 13); the only way to avoid this inconsistency

is to set B.= 0 . It follows that F( j/ ) 1is a regular function bounded
|
AF L561/5




at infinity and real on the real axis, so that it can only be a real constant A,

We may now write the explicit results,

W, A ]
S‘\ ) i S.L)‘ ";E (£ -7 '
and 3 RIS - (15)
4—.«1 {< a\l\/— — i A e 12
Y 4, { Q=D LT85 |

The veloclity components and the pressure, which are related to the

derivatives of S as in the equations 7 , may now be found. Thus for 8(C

in medium 1 , when A = sech (v,+10) and s=c, sech (-v),
NS A o }
As (g “i (g > ’ (16)

W AT (- (B "”}J)

and for $<C, dinmedium 2 , when ;f_ = sech (vybi@) and s=cp sech (-v,)

k% A - Mit+( mf”)'/}

i

vs 60—9 IR e

e T ()

The constant A is a measure of the volume of fluld produced by the line

’ an

source; by considering the stesdy state in the limit s> o or /f -~ o we find
' that the volume created in each medium is = Tk Ac12 /l+#k in medium 1 and

A 012 /1l+k in medium 2., Thus the eventual strength of the source is Aclz s the

fluid then produced is spportioned between the two media in the inverse ratio of the

densities so that the mass of fluid produced is the same in each medium.

To determine the velocity components and the pressure in the hyperbolic

AP h561/§



region CDG, we use the explicit results derived from equation 16 and 17 for
points on the boundary CD, and we use the characteristic form of the solution in
CDG %o find the complete result. Thus in CDG S, =f(u-8) where s/c2 =sec uj

For CoH

}52/'3 e = -f'(u—Q)

therefore
£1(a) = -t %%)e:o=~ g )/ mk << ol> ) 9)
He , sey
It follows that in CDG ,
38, /26 = — HED |
where see (M, - 9) ‘ SXCA vos B 4—@1‘:4”)'/‘%&9]”" (19)

s/c, =

is given by the equation

Similarly the derivative 28, /?s
: x
D gz_ — “H (\3 )
N - x I/L ) , (20)
2 s (£ _| R
s ( = - > .
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Section 2

As far as fluid motion is concerned the analysis of section 1 is merely
an exercise in setting up a quantity which has the property of dynamic similarity
in a region with the properties given. By assuming uniform densities for two media,
we are of course neglecting gravity, but it is not clear whether we can neglect thi($
effect at the interface. Under the usual first order approximations; given a small
displacement 4 = »L(l:) -in the position of the surface, the conditions of contin~-

uity of pressure and of normal wvelocity take the form

Y- 9 ¢
\—I - fi. = ( - (.
St 3t SR
! ’)75, _ / )Jé‘_ o
PI '5- f 2 = - »
J r 4y 2>t
where fhe J- axs is the axis normal to the interface.

Although from these equations alone we may only find what sort of surface
waves may exist on the interface by prescribing a form for the displacement we shall
eliminate the dispersive effects due to gravity by insisting that % be zero for
all time. The assumption of an agoustic line source of infiﬁitessimal amplitude and
step-function time~dependence in section 1 in no way violates this assertion.

| With these remarks in mind we can now state that the results for an
(acoustic) source (of delta function time dependence) on the interface arise simply
from the fofmulae in section 1 by differentiating with mespect to tirﬁe throughout,
Thus the known results for 3?5 / 2t ‘;ln section 1 represent the values of the

velocity potential in the impulse problem.
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These values are

id

- j—wf T\ -1 ‘e
b« Aper (FE)] ”"M (4o (5B) ]~ :6',
whete £| c'—t {m@-tﬂ\f*e[' tl'_] } )av\o\f ér {m@—lfw 9[ /\\} .

Also A P A 4 5*—6: ’/2./ B-C
e defelt [ (RS
> > %
where S = * > B+ .w\«e[{— -/]f .
L ¢t

n

[} -—

¢

Apc G-c,)yz ‘Kﬁ{ <f ‘“>f/’ he e o)

This final expression for '7‘5 w is valid within the hyperbolic region GCD.

AF L561/5
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The results derived in the acoustic problem are appliéable in the theory
of electromagnetic pulses involved in the sudden setting-up of a current in an
infinite line or of a charged line on the interface betwesn two media. In the former
case the vector pc:d;entia.lr has only one component Az= 02 S(s,8), the constant k
is the ratio of the magnetic permeabilities 2/ M and m is the ratio

cz/c‘i . The non-zero field components, derived from Maxwell'!s equations are

B, = 1*__3“’%% , Bo s ol %S and E.- -8By

For the charged line we relate the quantity S8 +to the scalar potential

{
i

¢ through the equation d) = c‘2 S. 1In this case k is the rdtio of the

pL—-

dielectric constante e€,/¢, s and the non-zero field components are
E - ,_c:_l ’;——S E = _0;1 B_—S M 62 * 'Ll_ ’D—-S '

The results given in equation 16, 17, 19 and 20 may be used directly

to derive the field components.,

AF 1561/5
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CONCLUSION

The assumption of dynamic similarity is used %o determine the wvelocity
potential of an impulsive line source which is suddenly set up on the plane which
separates two media of different density and sound velocity. The solution for the
potential may be identified with Hadam;rd's elementary solution of the wave equa-

tion in the homogeneous case, when

2 ,,‘//
("L,zo?%‘(c}(;-r>’- if <t
. '®) ,’F r - cf ‘

In the case of the two media considered in this paper there are similar algebraic
singularities on the shock fronts r = ¢t in medium 1 and r = c2 t in medimm.
2.

A feature of the solution is that since ’be,/){- is real on the'sec-
tion OC of the interface, there is no normal velocity between the two subsonic
regions. This ;ection of the interface is a contac% discontinuity (i.e. O0C is
a steadily expanding vortex-sheet).

The author presented these results verbally at the spring meeting of
the 7.R.5.I. in Washington, D. C. A similar method has been used independently

by Keller and Gardner (1959) to find the solution for a line dipolé.

AF L561/5
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I 25} Convair, A Division of General Dynamics Corp. 1
3165 Pacific Highway
San Diego 12, Califomia
ATTN:! Mrs. Dora B. Burke, Engineering Librarian

I25 Cornell Aeronautical Laboratory, Inc. 1
LS5 Genesee Street
Buffalo 21,'New York

I 225 Dalmo Victor Company \ 1
A Division of Textron, Inc.
1515 Industrial Way
Belmont, California
ATTN: Mary Ellen Addems, Technical Librarian

I 28 ‘ Dorne and Margolin, Inc. 1
29 New -York Avenue
Westbury, Long Island, New York

T 256 Douglas Aircraft Company, Inc. 1
P. 0. Box 200
Long Beach 1, California
ATTN: Engineering Library (C-250)

I 257 Douglas Aircraft Co., Inc. 1
827 Lapham Street '
El Segundo, California
ATTN: Engineering Library

|
I 258 Douglas Aircraft Company, Inc. 1
3000 Ocean Park Boulevard
Santa Monica, California
ATIN: Peter Duyan, Jr.
Chief, Electrical/Electronics Section

I 259 Douglas Aircraft Company, Ince 1
2000 North Memorial Drive
Tulsa, Oklahoma
ATTN: Engineering Librarian, D-250
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Electromagnetic Research Corporation
711 14th Street, N. W.
Washington 5, D. C.

Electronics Communication
1830 York Road
Timonium, Maryland

Emerson Electric Mfg. Gompany

8100 West Florissant Avenue

St. Louls 21, Missouri

ATTN: Mr. E. R. Breslin, Librarian

Emerson Radio-Phonograph Corp.
Emerson Research Laboratories
701 Lamont Street, N. W.
WasHington 10, D. C.

ATTN: Mrs. R. Corbin, Librarian

Fairchild Aircraft-Missiles Division
Fairchild Eng. and Airplane Corp.
Hagerstown, Mavyland '

ATTIN: Iibrary

"ITT Laboratories

3700 East Pontiac Street
Fort Wayne 1, Indiana
ATTN: Technical Library

Federal Telecommunication Laboratories

390 Washington Avenue
Nutley 10, New Jersey
ATIN: Technical Library

General Electric Company

Electronics Park

Syracuse, New York

ATTN: Documents Library, B. Fletcher
Building 3-1L3A

General Prenision Laboratory, Inc.
63 Bedford Road

Pleasantville, New York

ATTN: Librarian

No. of Copies

1
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I Lh8

I 207

I56

I 672

I 230

I2ll

I 279
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Goodyear Aircraft Corp.

1210 Massillon Road

Akron 15, Ohio

ATTN: Iibrary D/120 Plant A

Granger Associates

Electronic Systems

966 Commercial Street

Palo Alto, California

ATTN: John V. N. Granger, President

Hughes Aircraft Company
Antenna Department
Microwave Laboratory

-Building 12, Room 2617

Culver City, California
ATTN: M. D. Adcock

Hughes Aireraft Company

Florence and Teale Streets

Culver City, California }

ATTN: Dr. L. C. Van Atta, Associate Director
Research Laboratories

Hughes Research Laboratory
Florence and Teale Streets
Culver City, California
ATTN: Dr. W. C. Hoffman

Jansky and Bailey, Inc.
1339 Wisconsin Avenue, N. W.
Washington 7, D. C.

ATTN: Mr. Delmer C. Ports

Dr. Henry Jasik, Consulting Engineer
298 Shames Drive

Brush Hollow Industrial Park
Westbury, New York

Lockheed Aircraft Corporation

2555 N. Hollywood Way

California Division Engineering Library
Department 72-25, Plant A-1l, Building 63-1
Burbank, California

ATTN: N. C. Harnois

No. of Copies

1l
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I 468 Lockheed Aircraft Corporation 1
Missile Systems Division Research Library
Box 504, Sunnyvale, California
ATTN: Miss Eva Lou Robertson, Chief Librarian

I 136 The Martin Company 1
'P. 0. Box 179
Denver 1, Colorado
ATTN: Mr., Jack McCormick

I 280 The Martin Company 1l
Baltimore 3, Maryland
ATTN: Engiheering Library
Antenna Design Group

I 282 McDonnell Aircraft Corporation 1
‘ Lambert Saint~Louis Municipal Airport
Box 516, St. Louis 3, Missouri
ATIN: R. D, Detrich, Engineering Library

I 16 Melpar, Inc. 1
3000 Arlington Boulevard
Falls Church, Virginia
ATTN: Engineeming Technical Library

I 253 Chance Voughh Aircraft, Inc. 1
931l West Jefferson Street
Dallas, Texas
ATTN: Mr. H. S. White, Librarian

I 641 National Research Council 1
Radio & Electrical Engineering Division
Ottawa, Ontario Canada
ATTN: Dr., G. A. Miller, Head
Microwave Section

I 82 Northrop Aircraft, Inc. 1
1001 E., Broadway
Hawthorne, California .
ATTN: Mr. E. A. Freitas, Library Deptes 3145

I 284 North American Aviation, Inc. 1
1221); Lakewood Boulevard
Downey, California
ATTN: Engineering Library 495-115
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I 285 North American Aviation, Inc. 1
Los Angeles International Airport
Los Angeles 5, California
ATTN: Engineering Technical File

I 286 Page Communications Engineers, Inc. 1
710 Pourteenth Street, Northwest
Washington 5, D. C.
ATTN: ILibrarian

I 287 Philco Corporation 1
Tioga & C Streets
Philadelphia 3k, Pennsylvania
ATTN: Mrs. Dorothy S. Collins
Research Librarian

I 225 Pickard and Burns,  Inc. 1l
240 Highland Avenue
Needham 9, Massachusetts
ATTNs Dr. Richard H, Woodward

I 288 Polytechnic Research and Development Co. Inc. 1
202 Tillary Street
Brooklyn 1, New York
ATTN: Techniecal Library

I 232 Badiation Engineering Laboratory 1l
Main Street
Maynard, Massachusetts
ATTN: Dr. John Ruze

I 289 Radiation, Inc. 1
P. 0. Drawer 37
Melbourne, Florida
ATTN: Technical Library, Mr. M. L. Cox

I 233 Radio Corp. of America 1
RCA Laborateries
Rocky Point, New York
ATTN: P. S. Carter, Lab. Library

I 290 RCA Laboratories 1
David Sarnoff Research Center
Princeton, New Jersey '
ATTN: Miss Fern Cloak, Librarian
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Radio Corporation of America
Defense Electronic Products
Building 10, Floor 7
Camden 2, New Jersey

ATTN: ur. Harold J. Schrader, Staff Engineer

No. of Copies

1

Organization of Chief Technical Administrator

Director, USAF Project RAND
via: Alr Force Liaison Office
The Rand Corporation

1700 Main Street

Santa Monica, California

The Rand Corporation '
1700 Main Street

Santa Monica, California
ATTN: Technical Library

Rantec Corporation
Calabasas, California
ATTN: Grace Keener, Office Manager

Raytheon Manufacturing Company
Missile Systems Division

ATTN: Mr. Irving Goldstein
Bedford, Massachusetts

Raytheon Manufacturing Company

Wayland Laboratory '

Wayland, Massachusetts

ATTN: Miss Alice G. Anderson, Librarian

Raytheon Manufacturing Company
Missile Division

Hartwell Road

Bedford, Massachusetts.

ATTN: George D. M. Peeler

Air Porce Plant Representative
Republic Aviation Corporation
Farmingdale, Long Island, New York
ATTN: Engineering Library
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312 Thompson Ramo-Wooldridge, Inc. 2
P. 0. Box 45453 Airport Station
Ios Angeles 45, California
ATTN: Margret C, Whitnah, Chief Librarian
Research and Development Library

I 12 Sanders Associates, Inc. 1
95 Canal Street
Nashua, New Hampshire
ATTN: Mr. Norman R. Wild

I 9 Sandia Corporation, Sandia Base 1
P. 0. Box 5800, Albuquerque, New Mexico
ATTN: Classified Document Division

I 5hé Sandia Corporation 1
ATTN: Organization 1423
Sandia Base, Albuguerque, New Mexico

I297 Division of Sperry Rand Corporation 1
Sperry Gyroscope Company
Great Neck, Long Island, New York
ATTN: Florence W. Turnbull, Engineering Librarian

I 298 Stanford Research Institute 1
Menlo Park, Galifornia
ATTN: Library, Engineering Division

I 104 Sylvania Electric Products, Inc. 1
100 First Avenue
Waltham 5, Massachusetts
ATTN: Charles A. Thornhill, Report Librarian
Waltham Laboratories Library

I 299 Systems Laboratories Corporation 1l
1,852 Ventura Boulevard
Sherman Qaks, California
ATTN: Donald L. Margerum

I 240 TRG, Inc. 1l
2 Aerial Way
Syosset, New York
ATTN: M. L. Henderson, Librarian

I 338 A. S. Thomas, Inc. 1
161 Devonshire Street
Boston 10, Massachusetts
ATTN: A. S. Thomas, President

AF 1,561




‘ Iist S-8 = Page 15
Code Organization No. of Copies

1139 Westinghouse Electric Corp. 1
Electronics Division
Friendship Int'l Airport Box 1897
Baltimore 3, Maryland
ATTN: BEngineering Library

I 138 Wheeler Laboratories, inc. 1l
122 Gutter Mill Road
Great Neck, New York
ATTN: Mr. Harold A. Wheeler

U 61 Brown University 1
Department of Electrical Engineering
Providence, Rhode Island
ATTN: Dr. C. M. Angulo

U3 University of California 1
Berkeley l, California
ATTN: Dr. Samuel Silver, Prof. Engineering Science
Division of Elec. Eng. Electronics Research Lab.

U 100 University of California 1
Electronics Reseawrch Lab.
332 Cory Hall, Berkeley l, California
ATTN: J. R. Whinnery

U 157 California Institute of Technology 1
Jdet Propulsion Laboratory
L800 0zk Grove Drive
Pasadena, California
ATTN: Mr. I. E. Newlan

U 99 California Institute of Technology 1
1201 E. California Street
Pasadena, Galifornia
ATTN: Dr. C. Papas

U 101 Carnegie Institute of Technology 1
Schenley Park
Pittsburgh 13, Pennsylvania
ATTN: Prof. A, E. Heins

U 182 Case Institute of Technology : 1

Cleveland, Ohio
ATTN: Prof. S. Seeley
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U 183

U 238

U 10

U 86

U 59

U 102

U 103
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Columbia University
Department of Electrical Engineering

Morningside Helghts, New York, New York

ATTN: Dr. Schlesinger

University of Southern California
University Park

Los Angeles 7, California

ATTN: Z. A. Kaprielian

No. of Copies

1l

Associate Professor of Electrical Engineering

Cornell University

School of Electrical Engineering
Ithaca, New York

ATTN: Professor G. C. Dalman

University of Florida

Department of Electrical Engineering
Gainesville, Florida

ATTN: Professor M. H. Latour, Library

Library

Georgia Institute of Technology
Engineering Experiment Station
Atlanta, Georgia

ATTN: Mrs. J. H. Crosland, Librarian

Harvard University

Technical Reports Collection

Gordon McKay Library, 303A Pierce Hall
Oxford Street, Cambridge 38, Massachusetts
ATTN: Idibrarian

University of Illinois
Documents Division Library
Urbana, Illinois

University of Illinois

College of Engineering

Urbana, Illinois

ATTN: Dr. P. E. Mayes, Department of
Electrical Engineering

-

1l
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U 169

U 240

U 22

U 105

U 288

U 68

U 32

U 158
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Illinois Institute of Technology
3300 S, Federal Street

~ Chicago 16, Illinois

ATTN: Dr. George I. Cohn

Electronics Research Laboratory

I1linois Institute of Technology
Technology Center
Department of Electrical Engineering
Chicago 16, Illinois
ATTN: Paul G, Yuen

- Electronics Research Laboratory

The Johns Hopkins Uniwersity
Homewood Campus

Department of Physics
Baltimore 18, Maryland

ATTN: Dr. Donald E. Kerr

The Johns Hopkins University
Applied Physics Laboratory
8621 Georgia  Avenue

8ilver Spring, Maryland

ATTN: Mr. George L. Seielstad

University of Kansas

Electrical Engineering Department
Lawrence; Kansas

ATTN: Dr. H. Unz

Lowell Technological Institute
Research Foundation

P. 0. Box 709, Lowell, Massachusetts
ATTN: 'Dr. Charles R. Mingins

Massachusetts Institute of Technology
Research Laboratory of Electronics
Room 20B-221

Cambridge 39, Massachusetts

ATTN: John H. Hewitt

Massachusetts Institute of Technology
Lincoln Laboratory

P. 0. Box 73

Lexington 73, Massachusetts

ATTN: Document Room A~220

No. of Copies
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U 3k McGill University 1
Montreal, Canada
"ATTN: Professor G. C. Woonton
Director, The Eaton Electronics Research Lab.

U 107 University of Michigan 1
Electronic Defense Group
Engineering Research Institute
Ann Arbor, Michigan
ATTN: J. A. Boyd, Supervisor
via: Facility Security Officer

U 37 University of Michigan 1
Engineering Research Institute
Willow Run Laboratories
Willow Run Airport
Ypsilanti, Michigan
ATTN: Librarian
vias Facility Security Officer

U 108 University of Minmesota 1
Minneapolis 1l, Minnesota
ATTN: Mr. Robert H. Stumm, Library

U 194 Physical Science Laboratory 1
New Mexico College of Agriculture and Mechanic Arts
State College, New Mexico
'ATTN: Mr. H. W. Haas

U 39 - New York University 1
Institute of Mathematical Sciences
Room 802, 25 Waverly Place
New York 3, New York
ATTN: Professor Morris Kline

U 9% Northwestern University 1
Microwave Laboratories
Evanston, Illincis
ATTN: H. E. Beam

U 78 Ohio State University Research Foundation 1
131k Kinnear Road
Columbus 8, Ohio
ATTN: Dr. T. E. Tice
Department of Electrical Engineering
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U 109

U5

U 185

U L8

U 97

U 184

U 188

T 190
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The University of Oklahoma

Research Institute

Norman, Oklahoma

ATTN: Professor C.L. Farrar, Chairman
' Electrical Engineering

The Pennsylvania State University
Department of Electrical Engineering
University Park, Pennsylvania

University of Pennsylvania

‘Institute of Cooperative Research

3400 Walnut Street
Philadelphia, Pennsylvania
ATTN: Department of Electrical Engineering

Polytechnic Institute of Brooklyn
Microwave Research Institute

55 Johnson Street

Brooklyn, New York

ATTN: Dr. Arthur A. Oliner

Polytechnic Institute of Brooklyn
Microwave Research Institute

55 Johnson Street

Brooklyn, New York

ATTN: Mr.'A. E. Laemmel

Purdue University
Department of Electrical Engineering
lLafayettey Indiana
ATTN: Dr. Schultz

Seattle University

Department of Electrical Engineering
Broadway and Madison

Seattle 22, Washington

ATTN: D. K. Reynolds

Stanford University

Stanford, California

ATTN: Dr. Chodorow
Microwave Laboratory

No. of Gopies

1
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U 111

U sl

U 132

U 133

.U 187

U 289
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Syracuse University of Research Institute

‘Collendale Campus

Syracuse 10, New York
ATTN: Dr. C, S. Grove, Jr. Director of
Engineering Research

University of Tennessee
Ferris Hall

W. Cumberland Avenue
Knoxville 16, Tennessee

The University of Texas
Electrical Engineering Research Lab.
P. 0. Box 8026, University Station
Austin 12, Texas
ATTN: Mr. John R. Gerhardt

" Assistant Director

The University of Texas

Defense Research Laboratory

Austin, Texas

ATTN: Claude W. Horton, Physics Library

University of Toronto

Department of Electrlcal Engineering
Toronto, Canada

ATIN: Professor G. Sinclair

University of Washington

Department of Electrical Engineering
Seattle 5, Washington

ATTN: G. Held; Associate Professor

University of Wisconsin

Department of Elecirical Engirmeering
Madison, Wisconsin

ATTN: Dr. Scheibe

University of Southern California

University Park

Los Angeles, California

ATTN: Dr. Raymond L. Chuan
Director, Engineering Center

Dr. Robert V. Hess
NASA Langley Resear¢h Center
Langley AFB, Hampton, ,Virginia

No. of Copies

1



